UNCLASSIFIED

10 264 841

Reproduced
by he
ARMED SERVICES TECHNICAL INFORMATION AGENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

4

UNCLASSIFIKED

Best Available Copy



BOTICE: wher goveiramt or otiher drawirgs, speci-
ficaticos or gtber date are used for any Tarpose
other tkan iIn ognnostivg with q definitely related
go7ersment procurerment operation, the ©- S,
Cover——ent thereby inenrs ro responsitiiity, por any
coiigaticn atsoever; and the fact thet the Govern-
oeot ==y bave formulated, furnished, or in any wey

appiled the seid drwsings, specificatices, or cther
Sate is not 0 be Tregarced by fxpifcation or cther-
wise es inanymrhcens!rgttehalﬂerorcg
otker persca or corporaticn, or sornreying any rignte
or perxissioz Lo mecufacinre, use or sell any
peter.tedinvezztie:th:myina:c:ay‘bemlated
thexreto.




[

4 i ——

Metals

crrosion of

e C

Tr- Accelerar

SHE g pralr pheray

(g 1zaray bl aRaten ot

Bty aa vt
v

.

—




M e e T

-y )

UNCLASSIFIED

s messamaan I I

Contractor: Army Chewrical Center
Contraci No.: DA :8-105-205-CML-518

Eighth Quarterly RKepe

Covering _..e Period

June 16 - September 15, 1961

Title: THE ACCELERATED CORROSION OF METALS

repared By

Sen’z. investigator: Henry Leidheiser, Jr.
Asscciate: David A. Jackson, Jr., Resezrch Chemist

SepteraSer 26, 1961

Copy

[

e
——

r

’l
¥
11
i
o b v o e - o

,"1

!

.

v

+ ! ! ’Y[ 1

o
e

!

I:J,z
1 bt
"

e




TABLE OF CONTENTS

= : N
Zxperimenial Procedure
Resalts ané Discussion

Experiments Planned for the
Next Quarter

Bibliograshy

anie!

o e

!
y
{
i

chbu)

i

|

i

!
g-
:
=
=
=
E
F

e
¢

e e P S SPO_ I WIS B A L

———— et
T TR Tn e, T




Sex pogar pragk b

|
!
g

Lot

D en e nbasd et o

!

|

A

peayy O NN e

INTRODUCTION

In prewvious reports (1), the oxidatior of aluminum
ir contz2ct with mercuric halides bas been stuéied, and the
influence of relative humidity on the oxidation rate was
ncted. In this report period the Al-Hgl, system bas again
Deen used for continued guantitative measurements of the
oxiwdation rates. Thc rare of oxidation of siz=micum in zir
in the presezce of Hgl, kas been studied over 2 relantive
huri&ty range of 36.4-1005 2t 2 constant te—_crature of
30°C. A great increase in rate of cxidation kas been noted

in the A0-805 R r 2.




DESCRIPTION OF APPARATUS

The a2pparatus descrived in the Seventh Quarterly Report hes
been further modified o include 2 pressure guege (Fig. 1: B}, which
was calibrated ag2ins: the mercury mancmeter {C}). This bellows-
type guzge was specificzlly designed to measure the smell iaternal
pressure decrease in the reaction chanber; a2tmospheric pressure was
ihe reference point. Cnce the greage was cziibrated, the manometers
were disconrected, and the syster: resealed. 211 wtiues of AWOZ
in inis report are based ex pressure rezdings obtaines b this guzve.

A ghetograph cf the entire apparatus is seen in Figure 1. The
vacuum pump {J) was used intermittently to check the system for small

leaxs. & detailed diagram of the reaction chamber {A) may be found

in the previous reporis (1).
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EXPERIMENTAL PROCEDURE

Reyaeids 99.999% aluminum cylinders 1/2% in diams=eter apd 1/4"
thick were degraased in acetone 2ngd ether. Exposed surface areas of
these samples measured zpproximately 1.25 cm2.

The exidation of the aiumirum saraples was initiated by the attack
of Hgiz which wa- guickiy reduced teo metallic mercury. The manipulation
of the zppzratus for this is described in previovs reports{i}). Upon
zrmalgamation, the oxidation proceeded; the rate being greaily determined ——
by the relative humidity inside the roucilua chamber. The desived relative
humidities were odteined by plating various saturated s=:7 solutions in the
reaction chamber. Both thermai angd humigéi*y eceilibrivm were facilitated
by the use of 2 smali fan which meaintained the interral aimosphere in 2
continuzl siate of movement. Upon reaching ejuilibrium, the resction
w2s hegun as described 2bove. The oxygen consumed during the reaction
wa3 maasured by the decrease in pressure inside the chamber. Since
pressure was the measured parameier, close temperature control inside
the ckamber was essential. Temperatures were maintainzg at 30. 88°Cx -
0. 30 throughcut ali the experiments. Measuremexts of tim2, tsmneratuse

2nd pressure were made 2t 5 to 10 minure Int -rw2ls until the oxidatizz ,\\

siowad or comgpliataly stopped. Correctious nszcessitzted by changes i~
baromerric Dressures were made.

Values of AP in mnm Hg were converted to A’Woz in xnglcmz irom

che joillowing: VA AP
A¥= 1R T
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where V¢ remazined coastant thrcughout the experiments. Valves of

1.25R
— W wwere plotted vs. time ior each experimcat @nd ihe slopes of the linear

portions of the curves were determined.

Several saturates ssit scluticons and the associated relative humidities

under equilibrivm cordizions are listed in Table A.

Relative Humidities of Several Saturar—a Sali

Soluiions {<) 2t 30°C

Soluiion R.H.(5)

Distiiled wates
INE 5_)HZPO_,.1
BaClZ- tho
(NHQ;,_SO_.z
NaNOj

N'aNGz
MN2Er.2H,0
CrOy

Nai.2H O

% -~ Extrapolated value {2), {3), {4)

U DI IEARR D 4 vmvan g s o

i

t

f % x
b i
L

W
110

FG—"

¥
i’
1P

}*!‘.t
¢yl




RESULTS AND DISCUSSION

Whereas in earlier experiments, the linear portions of the
oxidzilon rate curves were usi2lly preceded by low-rate induction pericds,
the present axperiments no g:eat induction period seemed to exist sxcept

in one or t=o cases at elative pumidities.

e e sy S ot 4 A e ¢ o S — ot~ ———-

;

5. values of A’.’.’oz obizined from pressure

« exhibited 2 characteristic linear porzion irem

'
¢
v
b

T

which> the slopes were graphically dere~mined. The slcpes of the linezr
poriions of ile rate Cluve3s W2re Epnse L haaliciy il:ic s2me at any particelar
relative humidity. However, as the reiaiive humidity de:.eased, the

slopes of the rate curves 2iso decrezscd. The slopes of the rate curves

“

Y

are lisied in Table B, wiih the existing reiative humidities obtained irom

IR GRS A

the sa2turated sait soiutions.

At low reladive bumiditics { danow), the extent of
oxicziion was vwery small, a2nd the associzted siopes for itre rate corves
could only be determined from the first few measuremenis in the 120
minuate Hme intervals.

Figures 2 through 7 are rate curves for experiments 2t 1007 R H._;
Figures 8 2nd 9 21 92.9% R.H.; Figures 10 through 12 2t 81. 1% R.I1.;
Tigures 13 tarsugh 72. 7% R.%E.; Tigures 17 throngh 20 2t 635 R.#_;

Figures 21 56.2% R.H.; Figures 27 through 3021 244. 6% R_H. -

prese eay

Figures 31 Since th. variation in the extent of

vr -

 fatind |

cxidatisn w3

\

the cxidation time curves.
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TABSLE B

Values :ur the slopes of oxidziisr rate curvas at different
relative numicities ai 337
Ave. Siope (-

Siupe{m)
mgO,/cm? /min.

Relative
meCpl cm?/min.

Humidity (%)

100
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able 3 {continved)

Saturated Salt
Soluiion Used

Relative
Humidity (53

Slope{mj
<g0; [cmZ fmin.

Ave. Slope I
mg0, / cm? /m:

22.¢

C:0;

A™WTLT WITT M
R T

Valves taken from Seventh Ouarterly Report
Skori-teric oxicdation

Extrapolated veiue {2}, (3), ()

The influence of the relative humnidity on the oxi: -tHon rates is easily
noted in Figure 33, where the averzge values of the different sicpes are

ploited vs. the relatzive humidities at which the slopes were determired. The

ckznge iz siopes with change in e arive humidity has the appearance of 2
t2zy-S curve. In the 605-75% R.3H. range, there is 2 weli-deffncd increase
i, oxiGation raie.

erage values for the slopes at high 5 R.H. {particuizrly near
100% R.H.), as well 2s the wide ranges 2t e2ch ZR.H. lzads the 2.8
to telieve that the graduai taiiing-off of the curve =235 Sue o &
Sifficalty with which egoilibrivm was cbuined. It is believed that the most
1ikely path for the curve to follow in this region is somewhat kigher than

skown, and should 2pproach the khigher 1imits of theindirideal ranges.

The extent of oxidation in the 60-75% R.¥. range indicated 2 morse

Vi pebay
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proaounced increase then is shown by @ values in Figure 33. Vailation of
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oxygen-consumed with ZR. 3. during 2 150 minne ecifective oxidaticn

‘disregardiag induction perizds ard by extrapolation of the AW vs.

shor:i-term reactions) indicaied tkat little significant

red until the relative bumidity reached 60% R.H. At

of oxyzex consumed suddenly increased

YR

zpproximately §6% R_H., the amcun
en average of czly 7 mg oxygen

were vansumed in 138 minutes. whereas near 1005 R.E. approximately

83 rmg oxyzen were consumed in the same pariasd.
_me-iagTie 15 mm movie wo s made of two zluminum samples

saicizang at Gifferent relaiive humidities; «:2 savadle near

e otkher n2zr 1005 R.H. Even though there was 2 noted

n reacticn, 2 more striking difference was desired for the

tme-lapse fiims. This will be accomplished at 2 later date by photegraphing

expzriments near 45% R_H. a2nd 160% R_=H.

Prelirminary micros<opic investigations 2t roam ceaditions on the
oxication of a2luminum initiated by Hgi, were begun. A poiisnec 2tummanm
sample was cemsented to 2 slice an€ cbserved as 2 Hny crystal of Eigz?_ was
brought in contact with the samngla. The reaciion 2ppeaxed 1o t2k: piace in

severzi steps. First, the salt sesmed 10 rez2<: instantiy causing 2 Gark

are2 to Jorm, which iz turn spread repidly from the point of contact over

2 relatively large 2area. This dark arez 2ppezred to be 2 clear licuid under
which small bubbles of gas soon developed and came to the surface. The

iength of time this ges evolved depencded on whether the poiat of contact of

the s2it was on the edge of 2 sample, or on 2 flat surizce far removed irom




tre edge. Gas evolution lasted longer when the salt was placed in the central

part of the sample.

o e

As the gas evolution édiminished, the metallic appearance of mercer:
Geveloped. A tixin laver of clear liguid still covered the surface of the
mercury 2t this point. Soon, this fl=ar liguid @iszppeared followed by
uniform forrmadion of z film over the suriice, causing the metallic luster to
be duvlled greatly. This filmm grew more 2rd more opaque until the presence

of the white oxide was apparent as he iilm thickened. This oxids formasicn

was more rapic 2 ihe extremities of th- darkened are2, especially if ke

THTR N e Btk s (A S e P L SRR B b L

2re2 was at the =dge of =2 sample.
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NEXT QUARTER

-— &..3% - -
25 full cn unfersmndiay es

past two guarcters bas demonstrited the

cridcal . As z step towards understanding this

srizicel

microscope, =ieciron

rodu=ct for:ned CGii; has 2 2rxail particle

ical of amcrphous materials. It
nas 2 similar nom-crystalline

b=

the entire bumidity range. A few diffraction studies will also
be masz of the ovidatien product ait~r 2ging <t room temperature 2t iow

- - -

-elative humidity.

{Z) Chremical swdies will be made in 2a eficrt 10 deterrmine the

2inount of waier containes in the cxidation prudzat. Such studies will be

cplt beceuse simple heat trzatment wiii alse possibly ~amove sox=e
mercury trapped in the product as i1 is formed. Tke exact procedure 0
be followed will be based on prelimirary expe:iments in which the product

=11 be keated 2t 110°C. for 128 hours 2né the weight loss will be determined.

Gravimeoosiz =s=8ics, in whizh the product will be desiccated at Toom termpeTa-

tare, wili 2150 be carriad out.
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Quannital ve experimenis oh the rate of ox:d2n0n of aluminum in

2

resence ¢t Hgl, have been limited 10 pure 2luminem. A few strdies

w11 e carried out during the next cuarter on less pure 2luminum aad on
zateri of tms =ork will be determined by preliminary
t 15 well knmo—m thai iron Bas 2 mods

:n higbly humid 2ime spheres. During the nex

val:tztive expariments
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